of testosterone after early castration, as often practiced in pet goats, affects the development of the urethra in that its diameter remains small, which favors the retention of calculi and development of obstructive urolithiasis. 2 Uroliths in ruminants are classically classified into 2 categories based on their main component, phosphorus-associated with high-grain diets 3 -or calcium-associated with Ca-rich feeds such as alfalfa hay-. 4 However, amorphous magnesium calcium phosphate, alone or with struvite, is the most common urolith component in small ruminants in Texas (in 50% of analyzed uroliths). These findings underline the importance of urolith analysis to make adequate dietary recommendations. 5 The distribution of urolith composition in Swiss small ruminants is unknown.
Unspecific clinical signs of urolithiasis include decreased appetite or anorexia, separation from the flock, congested mucous membranes, and increased heart and respiratory rates. Affected animals further
show signs of discomfort, attempt to void urine, strain intermittently, or stay in a wide stance with their hind limbs stretched backwards.
Complete urethral obstruction can cause rupture of the bladder or urethra within 24-48 hours. 2 Leakage from the distended or ruptured bladder into the abdomen leads to uroperitoneum. 6 After bladder or urethra rupture, animals can show short-timed improvement because of reduced pressure in the urinary bladder, until progressive signs of uremia become evident. Advanced cases can also present with swelling of the ventral abdomen and of the prepuce because of leakage of urine into the surrounding tissue through a ruptured urethra. Uremic animals become increasingly weak and lethargic. 2 Real-time transabdominal Bmode ultrasonography can be used to assess the bladder, kidneys, and abdominal cavity. In case of suspected urolithiasis, ultrasonography is recommended to confirm the presence of a dilated bladder and to determine whether uroperitoneum is present. 7 Radiopaque uroliths such as struvite and calcium oxalate calculi can be seen on plain radiographs, but contrast studies have been advocated for reliable radiological diagnosis of obstructive urolithiasis. 8 Although urolithiasis in small ruminants has been described in numerous reports of small groups of affected animals, the range and distribution of clinical signs of the disease has not been documented in a large number of affected animals. Recent retrospective clinical studies included data from 25 to 107 animals. 6, [9] [10] [11] [12] [13] Our study describes the clinical presentation and diagnostic procedures in 270 small ruminants with obstructive urolithiasis based on the results of complete clinical examination, blood analyses, ultrasonography, and radiographic studies of the abdomen. The objective of the study was to describe the distribution of the various clinical signs and laboratory abnormalities with regard to their reliability for the diagnosis of obstructive urolithiasis in small ruminants. Finally, the stage of disease was categorized based on clinical presentation as "early stage" (slightly reduced general condition and normal demeanor), "painful stage" (moderately reduced general condition, normal demeanor with signs of colic, and expressions of pain), and "advanced stage" (severely reduced general condition, depression, and in some cases recumbency). The blood values in these 3 categories were compared using logistic regression. A P-value 0.05 was considered significant. Statistical analyses were performed with a commercial software (NCSS, Number Crunch Statistical Software, Kaysville, Utah).
| M A TE RI A L S A ND M E TH ODS

| RE S U L TS
| Animals
The study population comprised 270 male small ruminants (158 sheep and 112 goats). In sheep, the most common breeds were Swiss White Alpine (38%) and Brown Headed Meat sheep (19%). Most goats were pygmy goats (63%), followed by Swiss Saanen goats (11% 
| Physical examination
The findings observed upon physical examination, as recorded in the animals' charts, are given in Table 1 (condition and general signs of disease) and Abbreviations: SD, standard deviation; bpm, beats per minute (heart rate) or breaths per minute (respiratory rate). animals (13.6%). Animals with clinical signs for >24 hours were more likely to present uroperitoneum upon ultrasonographic examination than those with a shorter disease history (OR 6.5, 95% CI 2.4-17.7,
| Diagnostic imaging procedures
Radiology reports were available for 56 cases (20.7% of all cases).
Uroliths were visible on 34 plain radiographs (60.7%). A radiograph with several uroliths is shown in Figure 1 . The localization of urinary calculi on the radiographs was, in order of decreasing frequency, urinary bladder and urethra (15, 44.1%), urinary bladder only (6, 17.6%), distal urethra (between the sigmoid flexure and the urethral process) only (5, 14.7%), urethra (with no further details on urolith localization) only (4, 11.8%), and sigmoid flexure and distal urethra, pelvic flexure only, and sigmoid flexure only (1 each, 2.9%). In 7 cases with uroliths visible both in the urinary bladder and in the urethra, the urethral location had been further specified to be the pelvic flexure in 5 cases and the sigmoid flexure in 2 cases. Contrast radiographs carried out in 3 cases did not reveal additional diagnostic information.
| Laboratory analyses
The results of blood analyses are shown in In the population under study, the two most common Swiss Sheep
Breeds represented almost 60% of the affected animals, thus the breed distribution appeared to correspond to the general distribution in Switzerland. In contrast, pigmy goats were over-represented with 63% of the affected goats. Since pygmy goats are mostly kept as pets, their owners were possibly more likely to endorse costs of treatment. In addition, pet (pygmy) goats are often castrated early, which is a recognized risk factor for obstructive urolithiasis. 16 The approximate time of castration for the study population could be estimated by the owners of 24 of 104 castrated animals only, most of the bucks having been purchased after castration, but early castration was confirmed in 75% of those cases. Most goats (81.2%) were castrated, whereas 91.7% of the sheep were intact males. The mean age of the sheep was also lower, likely because they were used for reproduction for a limited time period only. This distribution has previously been reported by others 17 and describes rather the demographics of the population at risk than an interspecies difference in the development of urolithiasis.
Nonetheless, our study population included more intact than castrated animals (165 versus 104), confirming that intact males are also prone to urolithiasis, especially in presence of other risk factors such as concentrate-rich feeding. Indeed, almost 60% of all animals were fed grain regularly, and 8 animals, all intact males, had been fed high amounts of concentrates in the days and weeks before disease, in preparation for a show or a fair. While the information regarding the feeding regimen of the animals extracted retrospectively from their charts must be considered with caution, the high mean BCS supports the assumption that many animals had been fed an inappropriately rich diet before the development of disease. A high-grain diet is recognized as an important risk factor for the development of uroliths because high P intake with concentrate feed leads to high P excretion through the urinary system and facilitates the formation of struvite calculi. 18 Thus, obesity can be considered as an indicator of inappropriate highenergy feeding, predisposing animals to the formation of struvite uroliths. Male small ruminants should be fed a roughage diet to stimulate salivary function and rumination to promote fecal rather than renal phosphorus excretion. 3 Their energy requirements are normally too low to warrant additional concentrate feed. 19 The fact that the caseload was slightly above average during the winter months could be related to reduced water intake because of cold or frozen drinking water. Indeed, frozen water unnoticed by the owners until the animals became sick was documented in the history of several affected animals.
The duration of clinical signs of 1-2 days in 65.5% of the animals in our study was consistent with earlier reports. 6, 11, 20 Only 21 animals thus it is important to assess fecal output in small ruminants with suspected urinary tract obstruction.
The presence or absence of micturition and signs of dysuria must be assessed carefully during clinical examination. In our study, 37.4% of the animals were still passing urine, although the majority of them Examination of the urethral process should be a routine step in the diagnostic procedure for suspected urolithiasis, because the urethral process is the most common localization of urinary calculi in small ruminants (86% of the uroliths). 9 This was confirmed by our results with uroliths found in the urethral process in 73.8% of the cases. The manipulation can be difficult in obese animals, and adhesions between the penis tip and the preputial membrane can prevent exteriorization of the urethral process in animals castrated early. Affected animals can also resist the manipulation because of pain. 2 It was not possible to exteriorize the urethral process in 25 of the study animals, in 19 of these because of obesity. Visual evaluation of the urethral process was not performed before general anesthesia in animals which were immediately taken to surgery for bladder rupture or when the urethral process had been amputated before referral.
Ultrasonography was performed in 90.7% of the study animals, while radiographs were carried out in 23.3% only. This discrepancy can be explained by the ease of use of ultrasonography versus radiography at both clinics. Transabdominal ultrasonographic examination is a rapid, easy method that allows picturing a dilated urinary bladder, free fluid in the abdomen, hydronephrosis, and sometimes urinary calculi themselves. It has been reported that obstructive urolithiasis should not be diagnosed ultrasonographically in sheep based on the presence of a large urinary bladder alone because this can also be seen in healthy rams. In contrast, bladder shape, bladder wall and urethra appearance, as well as presence of free fluid in the abdomen are considered to be of diagnostic relevance. 7 In our study, a subjectively large (in relation to the animal's size), round urinary bladder with a thin wall was considered suggestive of urinary outflow obstruction. The mean maximal diameter of the bladder of the 98 sheep with urolithiasis (10.6 cm) was distinctly higher than the diameter described in 20 healthy rams (7.5 cm). 7 The abdomen should always be scanned for free fluid, especially if the urinary bladder does not appear to be enlarged. However, the presence of a full bladder does not rule out bladder rupture because a ruptured bladder does not always empty completely. 7 In our study, radiographs were mostly performed in addition to ultrasonography to locate stones in the urinary tract, to assess the extent of urethral obstruction more precisely, and to determine the number and size of uroliths present in the urinary tract. To our knowledge, a comparative evaluation of ultrasonography versus plain radiographs for the diagnosis and prognosis of obstructive urolithiasis in small ruminants is not available. Unfortunately, the location, size, and number of radiopaque calculi along the urethra were not always described in the radiology reports retrieved for this retrospective study.
If a location was indicated, the results confirmed the pelvic flexure, sigmoid flexure and distal urethra as the 3 predilection sites. 9, 22 In 16.1%
of the radiographs, stones were seen in the urinary bladder only. Contrast radiographs have been reported to be of superior value for the diagnosis of urolithiasis in small ruminants, 8 however others have found that plain radiographs are sufficient. 22 In our study, only 3 contrast radiographs were performed because ultrasonography and plain radiographs were considered to be sufficient to confirm the clinical diagnosis of urolithiasis, and contrast studies were waived not to delay treatment for animals in critical condition.
Blood analyses can be helpful if a complete physical examination does not allow for confirming a diagnosis of obstructive urolithiasis with certainty. Although azotemia can have multiple other causes such as dehydration (prerenal azotemia), it is commonly reported in animals with obstructive urolithiasis (postrenal azotemia). 6, 12, 23 This was confirmed by the results of our study as the mean BUN and creatinine concentrations in affected animals were distinctly above reference values.
Although azotemia was the most frequent abnormality in the biochem- be used for diagnosis of urinary tract obstruction, depending on the laboratory methods available. As financial constraints often limit diagnostic and therapeutic options in small ruminants, these results also suggested that measurement of both variables is not necessary.
Leakage of urine into the abdominal cavity after bladder or ureter rupture or through the wall of the distended urinary bladder is a common complication of obstructive urolithiasis. 6 Urine osmolarity is higher than that of blood, as are K, BUN, and creatinine concentrations, but Na and Cl concentrations are lower. After urine leakage into the abdominal cavity, water and electrolytes follow concentration gradients across the peritoneum, leading to hyponatremia, hypochloremia and relative hemoconcentration. 24 Hyponatremia, hypochloremia, hyperkalemia, and hypophosphatemia have been previously described in the context of urolithiasis in small ruminants. 12 In our study, the mean Na, K, Ca, P, Cl, and pH values were within normal limits. However, a considerable number of values were beneath the normal range for Na (38.5%) and Cl (44.8%), and increased (26.4%) or abnormally low (25.8%) for K. Since hyperkalemia can lead to cardiac dysfunction, 25 these results confirmed that the serum K concentration should be determined before electrolyte treatment. The serum K concentrations were significantly (P 5 0.0006) different in the presence or absence of uroperitoneum. Hypokalemia was attributed mostly to reduced intake associated with decreased appetite. A correlation with abnormal base excess 12 was not observed in our study.
In accordance with a study in 107 goats with uroliths, 12 hypophosphatemia (31.9%) was the most common abnormality in P homeostasis.
The present results confirmed that hypophosphatemia can be present in goats and sheep with urolithiasis. In contrast, 10 out of 19 animals with uroperitoneum had hyperphosphatemia, which is in accordance with observations in cattle with ruptured urinary bladder. 24 The development of urinary calculi has been suspected to be a hereditary problem related to insufficient P reabsorption in the kidneys. 12 Others have found that Texel lambs developing urolithiasis have significantly higher urinary P concentrations than control animals. 26 The high prevalence of hypophosphatemia in our study would be in accordance with the hypothesis that small ruminants with urolithiasis excrete higher amounts of P via the kidneys than healthy animals, however, measurements of urinary excretion of electrolytes were not performed.
The CK activity was increased in most animals (138/224, 61.6%).
While the elevation was mainly slight to moderate, the measured value was more than four times the reference value and up to over 10'000 IU/L in 39 animals (17.4%). Of these 39 animals, 18 were recumbent and 17 severely lethargic. Increased CK activity has not been described 
| C ONC LUSI ON A ND CL I N IC AL R EL E VA N CE
The analysis of the records of a large number of small ruminants with urolithiasis showed that the clinical presentation of the disease can
show large discrepancies and that some of the typical clinical signs can be absent in a considerable proportion of the affected animals. Abdominal ultrasonography and limited blood work were sufficient to confirm the diagnosis and allow for further decisions regarding management of affected animals.
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